Objective. To evaluate a maintenance-tailored therapy (MTT) compared to standard behavior therapy (SBT) for treatment of obesity. Main outcome measure: change in body weight. Results. Mean (SD) weight losses at 6, 12, and 18 months were 5.7 (5.0) kg, 8.2 (8.6) kg and 8.3 (8.9) kg for MTT and 7.4 (3.9) kg, 10.7 (8.2) kg and 9.3 (8.8) kg for SBT. Total weight loss did not differ by group at 18 months, but the time pattern differed significantly (p b 0.001). The SBT group lost more weight in the first 6 months. Both groups lost similar amounts between 6 and 12 months; MTT had stable weight between 12 and 18 months, while SBT experienced significant weight gain.
Introduction
One-third of adults in the United States are obese and health conditions associated with obesity are increasing (Flegal et al., 2005; Olshansky et al., 2005) . The current state-of-the-art treatment for obesity, behavior therapy, has a fairly standardized format and content, developed over several decades (Wing et al., 2001, and Wadden et al. 2004 ). The treatment entails multiple face-to-face counseling sessions covering a wide range of lifestyle recommendations (Ferster et al., 1996; Wing, 2003) . The core behavioral objective is detailed, and frequent monitoring of diet, exercise and weight, with specific and quantified goals for energy intake and expenditure. Sessions are typically scheduled weekly over a period of about 6 months, with less frequent contacts for an additional 6 to 12 months. Although the relative contribution of individual components of the therapy has not been well established, the overall clinical efficacy of the treatment as a whole has now been well demonstrated. It produces enough weight loss to significantly reduce blood pressure (Hypertension Prevention Trial Research Group, 1989) 
and to prevent diabetes (Diabetes Prevention Program Research Group [DPP], 2002).
The therapy produces an average weight loss of 8% to 10% of body weight over a 6-month period, followed by gradual weight regain.
The Achilles heel of all weight loss therapies, including behavior therapy, is maintaining weight loss. On average, without continuing treatment, patients regain much of the weight they have lost within 2 or 3 years. A modest literature conducted by Wing and Jeffery (1999) among others has begun to explore different ways to improve on the long-term maintenance of weight loss (Perri et al., 1984 (Perri et al., , 1988 (Perri et al., , 1989 (Perri et al., , 2001 Wing et al., 1996 Wing et al., , 2006 Jeffery et al., 2003 Jeffery et al., , 2004 Svetkey, 2008) . To date, however, most maintenance treatments reported in the research literature have failed to show continuing weight loss beyond 6 months of treatment. None have shown the ability to prevent significant weight regain beyond 1 year.
Given this significant limitation, the current study evaluated a novel maintenance-tailored treatment for weight loss. The treatment was based on the premise that the primary reason for weight loss failure is decreasing effectiveness of behavioral reminders/cues and rewards for following weight loss recommendations over long periods of time (Levy and Feld, 1999) . Declining treatment effectiveness is seen as a form of habituation or boredom with the weight loss techniques, resulting in noncompliance with weight loss recommendations, even though those recommendations were initially successful for weight loss and would continue to be if followed (Jeffery et al., 2004) . Based on research on behavioral habituation (Epstein et al., 2009) , a solution to the problem tested here was to recommend a variety of weight control strategies over time, rather than a single set of behavioral prescriptions. Variety was introduced on several dimensions simultaneously; e.g., timing of treatment sessions, behavioral goals, and homework assignments.
Participants were randomized to a state-of-the-art Standard Behavioral Treatment (SBT) with typical recommendations for behavior change that remain constant over time (Hypertension Prevention Trial, 1989; Look Ahead Research Group, 2007) , or to a Maintenance-Tailored Treatment (MTT) that promoted different behavioral prescriptions in distinct units delivered in sequence, alternated with periods of no treatment between units. Weight outcomes for the two treatment arms were evaluated at baseline, 6, 12, and 18 months. The overall hypothesis in the study was that the MTT approach could sustain interest and motivation better than the SBT approach and thus, that the MTT approach would be associated with better long-term weight loss outcomes.
Methods
The study was a collaboration between investigators at the University of Minnesota and the University of Washington. The Institutional Review Boards of both Universities approved its procedures. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research. The trial was conducted at the Epidemiology Clinical Research Center at the University of Minnesota. Investigators at the University of Washington provided technical input for design of some aspects of the MTT intervention. They also pilot tested some of the MTT treatment units prior to their use in the main trial with participants recruited at the University of Washington.
Participants, randomization Participants were recruited by mass media advertising. Eligibility criteria were age ≥ 18 years, body mass index (BMI) between 30 and 39 kg/m 2 , freedom from serious medical conditions that would contraindicate treatment, and agreement to be randomized to either of the two treatment groups. Prospective participants completed the PARQ exercise screening form and were advised of ACSM guidelines for safety screening for physical activity. The upper BMI cut point was used because of concern about the ability of very obese persons to comply with physical activity goals. Participants were required to make a deposit of $50 that was returned to them as part of the intervention as described further below. The randomization sequence was generated by computer. ID numbers were forwarded to the study data manager by the study coordinator as participants became eligible and were provided their group assignment. Of 994 individuals screened for the trial, 781 were not included. The primary reasons for non-inclusion were body weight (N = 564) and lack of interest (N = 117). The remaining exclusions were mostly for medical reasons. Ninety percent of weight exclusions were for excess weight.
Treatments
Participants were randomized to one of two treatment groups. The treatment in both treatments was conducted in small groups, 11 to 21 individuals. The format of the groups included weighing, presentation of lifestyle recommendations by treatment staff, discussion of behavioral goals and strategies, and homework assignments to be completed between sessions.
Content for the SBT group was modeled after prior work of the investigators (Jeffery et al., 1984 (Jeffery et al., , 1993 (Jeffery et al., , 2003 and closely resembled that used in many recent successful clinical trials, such as those by the Diabetes Prevention Program (DPP) (2002) and the Look AHEAD Research Group (2007) . Participants were instructed to weigh themselves and to record eating and exercise behaviors on a daily basis. They were given specific energy intake and expenditure goals, which remained the same throughout the 18-month study. Homework between sessions was always to keep a record of diet and physical activity, to calculate daily energy intake and expenditure and to strive toward specific intake and expenditure goals based on initial body weight. Participants met with a therapist in small groups regularly to discuss strategies for facilitating reaching these goals, including stimulus control, social support, cognitive behavior modification, recipe modification, eating away from home, and relapse prevention. Therapy groups for SBT met weekly the first 6 months, bi-weekly between months 6 and 12, and monthly between months 12 and 18. The $50 monetary deposits made by participants in this group were returned to them at the final 30-month follow-up visit.
The number of sessions for the MTT arm was the same as the SBT arm, but to address the habituation/boredom problem discussed earlier, the therapy in the MTT group emphasized variety in both format and content. Content was presented in six units of 8-week duration, each of which had a specific concentration. During each unit, study participants were given behavioral goals specific to the unit and were told to concentrate only on those goals. Homework between sessions pertained only to those behaviors. For example, for the calorie counting unit (#1), food intake goals were the exclusive focus with food diaries and calorie counting as homework. For the walking unit (#2), walking was the only goal, and homework was comprised of counting steps with a pedometer provided by the study. To add additional variety, participant goals were changed regularly within as well as between units (e.g., participants in unit 1 targeted 4 different calorie goals between 1000 and 2300 per day for 2-week periods each). Specific behavioral concentrations in the six segments of MTT were (1) counting dietary calories and setting goals for intake reduction; (2) a walking program of 10,000 steps or more per day; (3) structured meals or meal replacement products for two meals per day; (4) an exercise program encouraging aerobic activity of 3000 kcal per week; (5) a stoplight diet in which foods were categorized as "green" (unlimited consumption), "yellow" (moderate consumption), and "red" (restricted consumption), with goals of increasing green foods and decreasing red foods; and (6) a contracting unit in which the $50 deposits of study participants were returned to them if they reached agreed upon weight or behavior goals.
Between each of the six units in the MTT intervention, participants were given a 4-week "break." During this break no instruction was given to participants concerning what to do about weight, and no information was requested or collected about their weight or behaviors. If pressed, an interventionist told participants to use their own judgment. We considered explicitly telling participants to do nothing related to weight control; i.e., prohibit attention to weight or behavior, but felt that no advice was a better operationalization of no treatment than advice to do nothing at all. Study outcomes were assessed at baseline, 6, 12, and 18 months. The primary outcome was change in body weight, which was measured in light clothing, without shoes, on an electronic scale. Diet was measured by a Food Frequency Questionnaire (FFQ) designed and tested by Block et al. (1986) , with good reliability and validity (Wirfalt et al., 1998; Harris et al., 1994; Sherwood et al., 2000) . Physical activity was assessed using the well-known Paffenbarger Activity Questionnaire (Paffenbarger et al., 1978) .
Process measures
One of the most consistent predictors of success in weight loss as shown in previous weight control research by Jeffery et al., (1984 Jeffery et al., ( , 1993 ) is compliance with treatment instructions. We collected information on attendance at group meetings and completion of behavioral assignments in both treatment groups. Psychological mediators were assessed by a standard measure of weight control self-efficacy (Linde et al., 2006) and two newly constructed measures of how participants felt about their weight control efforts. A Cue Salience measure asked 7 questions about how aware participants were of their weight control behavior goals during the program; e.g., "How often do you think about doing something for weight loss?" A reinforcement measure asked 6 questions concerning how much they enjoyed the weight loss program; e.g., "How much did you enjoy what you needed to do to lose weight?" Responses for both measures were on a 5-point scale and were averaged across items for a total score, with high values indicating less habituation to treatment. Interventionists and assessors were not blinded to treatment assignment.
Analysis
Primary outcome analysis in the study was done in two steps. The first was repeated measures analysis of variance with treatment as the grouping variable and time as the within-subjects factor. The time-by-treatment interaction term was the test of an intervention effect. Subsequent analysis compared groups on change in each dependent variable between each 6-month assessment interval. Several methods were examined for the treatment of missing values. These included a completer's analysis that included only study participants who were present at all the assessment points being considered, and both a mixed general estimating equation approach and a multiple imputation approach, which use all observed data and estimate missing data based on existing data. Other approaches to missing values included the last observation carried forward method and replacing missing values with baseline values. All analyses produced a very similar pattern of results and levels of statistical significance. We report outcomes in Results, utilizing Rubin's multiple imputation strategy (Rubin, 1987 and 1996) , which replaces each missing value with a set of plausible values that represent the uncertainty about the right value to impute. This strategy was implemented using a two-step procedure: (1) the generation of n = 5 imputed data sets using PROC MI and (2) the combination of parameter estimates computed from mixed model analyses of each imputed data set using PROC MIANALYZE (SAS Institute Inc, 1999) . This combination of results allows us to generate valid statistical inferences about the parameters. These procedures were carried out under the assumption that the missing data were missing at random. Table 1 describes participant characteristics at baseline by treatment group. The average age of study participants was just under 50 years; about 52% of participants were women and 48% men. The majority of study participants reported having received a college . There were no differences between the SBT and MTT groups in baseline characteristics, although mean BMI approached significance with a p-value of 0.10. The MTT group was approximately 0.6 kg/m 2 leaner than the SBT group. The proportion of subjects enrolled in the study who completed the 18-month follow-up was 74% and did not differ by treatment group. Weight losses in both the SBT and MTT group were excellent by historical standards, particularly at the 12-and 18-month time points. The repeated measures analysis of variance indicated a highly significant overall time by treatment group interaction (p b 0.001). Subsequent analysis showed that the SBT group lost more weight than the MTT group in the first 6 months of treatment, losing 7.4 (0.5) kg versus 5.7 (0.5) kg (p b 0.02). From 6 months to 1 year, both groups continued to lose weight but the amount of additional weight loss was not significantly different between groups (SBT = 3.3 (0.7) kg, MTT = 2.4 (0.7) kg (p = 0.34). In the last 6 months of observation, the MTT group lost a small amount of weight on average, 0.1 (0.6) kg. This was not significantly different from zero. The SBT group gained weight, 1.4 (0.3) kg, which was significantly different from zero (p b 0.01). The difference between groups was also highly significant (p b 0.01). The patterns of results for both treatments were virtually identical in the two study cohorts, indicating its reproducibility. Net weight loss at 18 months did not differ by treatment group (p = 0.46).
Results
Examination of behavior change data taken from the diet and physical activity questionnaires are shown in Table 2 . Both treatment groups reported decreases in energy intake and increases in energy expenditure with treatment; however, there were no "significant" differences between treatment conditions. The result was not surprising as weight change differences between groups were small, and measures of diet and physical activity have high variability. Examination of homework and attendance variables was done at 3-month intervals and summed across the entire study. The average attendance over the 18 months of the study was good for both groups, about 70%. The differences in session attendance between treatment groups were not statistically significant for any 3-month period in the study. The MTT group's overall homework completion rate (52%) was significantly greater than the SBT homework completion rate (33%, t = 10.25, p b 0.001). The homework completion rate did not differ by treatment group in the first 3 months. In every subsequent 3-month interval, MTT participants completed significantly more of their assignments (p's b 0.05).
Analysis of the psychological mediating variables is shown in Table 3 . These hypothesized correlates of weight change tended to be the highest in the first 6 months in both treatment groups and declined over time. The MTT group reported significantly higher perceived reinforcement from weight loss at 18 months compared to the SBT group. Self-efficacy was also high in MTT at 18 months, though the difference fell below conventional levels of statistical significance. Since the MTT approach was based on the assumed effects of treatment on behavioral and psychological factors, we also examined the association between these measures and weight change For the psychological mediators, we examined the association between change in these and change in weight for each 6-month interval (see Table 4 ). These results show strong associations in the expected direction between all mediators and weight changes, with the sole exception of cue salience between 12-and 18-month assessments. For the behavioral factors (attendance and homework completion), we did not believe it appropriate to conduct analyses separately for each 6-month interval because (1) the timing of 6-month data collection differed for each individual and at times was quite discrepant due to a 2-month window for completion of data collection visits; and (2) because the number of treatment visits varied substantially between treatment groups in the later time intervals. Thus, we restricted these analyses to the entire 18-month study period. These analyses also showed strong associations in that both session attendance (p b 0.001) and homework completion (p b 0.001) predicted greater weight loss.
MTT and SBT differed from each other on several dimensions: different timing, different behavior goals, different sequence of topics, and a more structured motivational system in the deposit contract unit. Although the research design precluded evaluating the specific contribution of each of these elements to the differences between treatments, we thought it useful to examine the temporal patterns of weight loss in more detail. Table 5 presents weight changes in the MTT unit only for each individual treatment unit and each break period between units. To maximize the sample size used to compute these means, we used the average of measured weights in the first two sessions and last two sessions of each unit to define weight change. Since no weights were taken during "breaks", weight change is defined by the two treatment sessions on either end of the "break." This table is largely qualitative but suggests several points: First, weight loss occurred during breaks as well as during active treatment, suggesting that effort put into weight control during breaks, although less than during active treatment, was not zero. Second, exercise units 2 and 4 appeared to produce weaker weight loss effects than the dietary units 1, 3 and 5. Third, the first unit (food calorie counting) and the last (deposit contracts) are noteworthy for strength of weight effects relative to others near by. The ability of deposit contracts to induce more than a kilogram of weight loss, on average, more than a year after the beginning of treatment was particularly impressive.
To provide a comparison between SBT and MTT in smaller time periods than 6 months, weight losses from treatment session data were compared between groups in 3-month time intervals. These data are shown in Table 6 . These analyses show a somewhat different temporal patterning between the two groups than the primary 6-month data analysis. SBT had clearly better weight losses over the first 6 months. For the remaining 12 months, however, MTT participants did better in absolute terms in every time period and particularly in the last 9 months. Differences between these data and the clinic visit data are no doubt due in part to differences in sample size, particularly in the final 6 months when SBT treatment sessions were scheduled only monthly, resulting in more missing data.
Discussion
This study's findings are unique and, we believe, important to the field of weight loss. We hypothesized that a major deterrent to sustained weight loss is boredom due to engagement in the same weight control behaviors over long periods of time, and that a treatment using principles derived from behavioral habituation theory that emphasized variety in the temporal distribution of treatment sessions and in the content of those sessions, would be superior to standard behavior therapy in promoting sustained weight loss. The results of this study largely supported this hypothesis and suggest, in our view, intriguing avenues for further improvement of behavioral weight loss therapy. The highly significant difference between treatments in temporal patterning of weight loss supports the hypothesis. The length of time participants in MTT avoided any weight gain following weight loss (18 months) was quite unusual, and the fact that some of our data indicate significant additional weight loss nearly 1-1/2 years after treatment began is very intriguing. The process analyses showing strong relationships between theoretically relevant behavioral and cognitive measures and weight loss, with significant differences in a portion of these measures between treatment groups, are supportive as well.
The failure to produce better long-term weight loss is, of course, an important reason to temper enthusiasm. In our view, this result was partly due to the surprisingly strong performance of "standard" behavior therapy between 6 and 12 months and partly due to weaknesses in the MTT approach. Our expectation was that participants receiving standard therapy would begin to regain weight at about 6 months; this has been the experience of virtually all behavior therapy studies over the last 25 years. Unfortunately, we do not have a compelling explanation. There are several possible reasons for the strong SBT effect, including increased commitment to weight control by participants in both groups due to recent publicity about the importance of weight control to health; changes in the specific treatment prescriptions for both groups that we introduced in an attempt to be current with emerging data from other studies (e.g. daily rather than weekly weighing (Linde et al., 2005) ; better-thanaverage success in completing make-up sessions for both treatment groups due to an experienced and talented clinical staff; inadvertent cross-over in treatment advice between the two interventions (the same interventionists conducted both treatments), despite the fact that behavioral goals were clearly different; or using some treatment units in MTT that were inherently weaker for producing weight loss (i.e. the exercise only units). It is also possible that the specific order of treatment units in MTT contributed to the difference in temporal patterning of weight losses.
Although the issues raised above prevent a strong endorsement of the MTT as a therapy of choice or its theoretical rationale, we strongly believe that the approach merits further study. A study designed to examine whether a continuing pattern of varying behavioral prescriptions for weight control, especially with more effective individual component units, is capable of extending weight loss beyond 18 months would be useful for evaluating the limits of the treatment approach clinically. Better and more frequent measures of behavior and psychological mediators for long-term weight control might better inform the refinement of the methods, as might Table 6 Participants' change in weight (kg) in 3-month periods by treatment group.
Weeks (MTT unit)
Mean (SE) p
Maintenance-tailored therapy
Standard behavior therapy Note. component studies that could systematically evaluate the effectiveness of the different elements of MTT therapy.
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